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PROBLEM TO BE SOLVED: To provide a telecentric optical 
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magnification color aberration is small even when an object 

plane and an image 

plane both have swing angles. 

SOLUTION: The telecentric optical system has first and 
second optical 
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in which an object 
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rear side focal 

position of the optical system L<SB>1</SB> and the front 
side focal position of 

the optical system L<SB>2</SB> coincide with each other and 
also an image plane 

10 having a swing angle θ <SB>2</SB> is arranged at 
the rear side focal 

position of the optical system L<SB>2</SB> and an incident 
pupil and an 

outgoing pupil are both existing at infinite distant 
positions in a reference 

wavelength. In this case, the outgoing pupil (pupil plane 
20) is existing at a 

position whose absolute value is spaced by a distance of 
not shorter than 

5000mm from the crossing 13 of the image plane 10 and an 
optical axis to the 

optical system L<SB>2</SB> side in the optical axis 
direction in a wavelength 

which is most different from the reference wavelength among 
use wavelengths 

including the reference wavelength. 
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(54) TELECENTRIC OPTICAL SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a telecentric optical system whose 
magnification color aberration is small even when an object plane and an image plane 
both have swing angles. 

SOLUTION: The telecentric optical system has first and second optical systems LI, L2 
and is an optical system in which an object plane 9 having a swing angle θl is 
arranged at the front side focal position of tiie optical system LI and tiie rear side focal 
position of the optical system LI and the front side focal position of the optical system 
L2 coincide with each other and also an image plane 10 having a swing angle θ2 is ,y 
arranged at the rear side focal position of the optical system L2 and an incident pupil and 
an outgoing pupil are both existing at infinite distant positions in a reference wavelength. 
In this case, the outgomg pupil (pupil plane 20) is existing at a position whose absolute 
value is spaced by a distance of not shorter than 5000mm from the crossing 13 of the 
image plane 10 and an optical axis to the optical system L2 side in the optical axis 
direction in a wavelength which is most different from the reference wavelength among 
use wavelengths including the reference wavelength. 
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* NOTICES * 
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damages caused by the use o£ this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] By the optical system which carries out image formation of the body on the body side of finite 
with a swing-and-tilt include angle to the image surface with a swing-and-tilt include angle In the 
telecentric optical system which has mostly either [ at least ] an entrance pupil or an exit pupil in infinite 
distance on criteria wavelength, on this criteria wavelength and most different wavelength among the 
operating wavelength in which either [ at least ] said entrance pupil or an exit pupil contains said criteria 
wavelength Telecentric optical system characterized by being in the location which the absolute value 
separated fi'om the intersection of said image surface and optical axis about 5000mm or more in the 
direction of an optical axis. 

[Claim 2] Telecentric optical system according to claim 1 characterized by amending vertical chromatic 
aberration and the vertical chromatic aberration of magnification in the image formation relation between 
the body side of imagination without a swing-and-tilt include angle, and the image surface of imagination 
without a swing-and-tilt include angle. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is the optical system which carries out image formation of the body 
on the body side of finite with a swing-and-tilt include angle to the image surface with a swing-and-tilt 
include angle, and relates to telecentric optical system applicable to the automatic focus optical system of 
the semi-conductor aUgner which has a big swing-and-tilt include angle especially about the telecentric 
optical system which has either [ at least ] an entrance pupil or an exit pupil in infinite distance. 
[0002] 

[Description of the Prior Art] Conventionally, as this kind of telecentric optical system, the thing as shown, 
for example in drawing 3 is known. This telecentric optical system consists of the 1st optical system LI 
and 2nd optical system L2. In this telecentric optical system, it is dl=d2=fl and d3=d4=f2. Here, a focal 
distance [ as opposed to the criteria wavelength of the 1st optical system LI in fl ] and f2 are the focal 
distances to the criteria wavelength of the 2nd optical system L2. That is, in this telecentric optical system, 
body side 7a perpendicular to an optical axis is arranged in a before [ the 1st optical system LI ] side focal 
location, both the optical system LI and L2 is arranged, and image surface 8a perpendicular to an optical 
axis is arranged in the backside [ the 2nd optical system L2 ] focal location so that a backside [ this optical 
system LI ] focal location and a before [ the 2nd optical system L2 ] side focal location may agree, 
therefore, the both-sides tele cent to which this telecentric optical system has [ both ] an entrance pupil and 
an exit pupil in infinite distance on criteria wavelength ~ it is rucksack optical system, 
[0003] When the chief ray of wavelength which is most different firom the criteria wavelength among the 
operating wavelength containing la, 2a, 3a, and criteria wavelength in the chief ray of criteria wavelength 
is set to 4a, 5a, and 6a in this telecentric optical system. If this chromatic-aberration CI a is negated by 
chromatic-aberration C2a of the length by the 2nd optical system L2 even if there is chromatic-aberration 
Cla of the length by the 1st optical system LI, chief rays 3a and 6a and chief rays 2a and 5a have an 
intersection and the almost small chromatic aberration of magnification on image surface 8a respectively. 
[0004] 

[Problem(s) to be Solved by the Invention] When body side 7a of finite consists of above-mentioned 
conventional telecentric optical system with a swing-and-tilt include angle so that image surface 8a may 
have a swing-and-tilt include angle. Even if it negates chromatic-aberration Cla of the length by the 1st 
optical system LI by chromatic-aberration C2a of the length by the 2nd optical system L2, on criteria 
wavelength and most different wavelength The exit pupil was in the location of finite by the body side, and 
on the image surface with a swing-and-tilt include angle, chief rays 3 a and 6a and chief rays 2a and 5 a did 
not cross, respectively, but had the problem that the chromatic aberration of magnification will break out. 
This invention was made paying attention to such a conventional problem, and the technical problem is [ 
both ] offering the small telecentric optical system of the chromatic aberration of magnification, even when 
a body side and the image surface have a swing-and-tilt include angle. 
[0005] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, this invention is 
the optical system which carries out image formation of the body on the body side of finite with a 
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swing-and^tilt include angle to the image siuface with a swing-and-tilt include angle. In the telecentric 
optical system which has mostly either [ at least ] an entrance pupil or an exit pupil in infinite distance on 
criteria wavelength, on criteria wavelength and most different wavelength among the operating wavelength 
in which either [ at least ] an entrance pupil or an exit pupil contains criteria wavelength It is the telecentric 
optical system characterized by being in the location which the absolute value separated fi'om the 
intersection of the image surface and an optical axis about 5000mm or more in the direction of an optical 
axis. 
[0006] 

[Embodiment of the Invention] Next, the gestalt of operation of this invention is explained based on a 
drawing. Drawing 1 shows the telecentric optical system concerning one example of this invention. This 
telecentric optical system consists of the 1st optical system LI and 2nd optical system L2. In this optical 
system, it is dl=d2=fl and d3=d4=f2. Here, a focal distance [ as opposed to the criteria wavelength of the 
1st optical system LI in fl ] and f2 are the focal distances to the criteria wavelength of the 2nd optical 
system L2. That is, in this telecentric optical system, the body side 9 is arranged in a before [ the 1st optical 
system LI ] side focal location, both the optical system LI and L2 is arranged so that a backside [ this 
optical system LI ] focal location and a before [ the 2nd optical system L2 ] side focal location may agree, 
and the image surface 10 is arranged in the backside [ the 2nd optical system L2 ] focal location, therefore, 
the both-sides tele cent to which this telecentric optical system has [ both ] an entrance pupil and an exit 
pupil in infinite distance on criteria wavelength ~ it is rucksack optical system. 

[0007] Moreover, in this telecentric optical system, vertical chromatic aberration and the vertical chromatic 
aberration of magnification are amended about the image formation relation between the body side (body 
side of imagination without a swing-and-tilt include angle) 7 of imagination perpendicular to the optical 
axis of both the optical system LI and L2, and the image surface (image surface of imagination without a 
swing-and-tilt include angle) 8 of imagination perpendicular to an optical axis. Namely, this telecentric 
optical system sets the chief ray of the criteria wavelength lambda 1 (for example, lambdal=500nm) to 1, 
2, and 3. And when the chief ray of the criteria wavelength lambda 1 and most different wavelength 
lambda 2 (for example, lambda2=700nm) is set to 4, 5, and 6 among the operating wavelength (for 
example, 400-700nm) containing criteria wavelength, It is constituted so that the chromatic aberration CI 
of the length by the 1st optical system LI may be negated by the chromatic aberration C2 of the length by 
the 2nd optical system L2. By this, chief rays 3 and 6 and chief rays 2 and 5 cross mostly on the image 
surface 8 of imagination, respectively. 

[0008] Moreover, in this telecentric optical system, the body side 9 has the swing-and-tilt include angle 
theta 1. Namely, as for the normal of the body side 9, only the include angle theta 1 leans fi-om the optical 
axis. On the other hand, the image surface 10 has the swing-and-tilt include angle theta 2. Namely, as for 
the normal of the image surface 10, only the include angle theta 2 leans fi'om the optical axis. The 
swing-and-tilt include angles thetal and theta2 have satisfied the theorem of the Shine proof expressed 
with the following formula. 

tantheta2=betatanthetal - here, beta is the scale factor of telecentric optical system. Furthermore, 
according to this telecentric optical system, that exit pupil carries out image formation to the location 
separated from the intersection 13 of the image surface 10 and an optical axis about SOOOnun to the 
optical-system L2 side in the direction of an optical axis on the criteria wavelength lambda 1 and most 
different wavelength lambda 2. That is, it is [ about ] about the distance d7 from the intersection 13 to an 
exit pupil. -It is made 5000mm. In addition, the sign 20 shows the pupil surface of an exit pupil. 
[0009] Next, in the telecentric optical system which has the above-mentioned configuration, an exit pupil 
explains the basis constituted so that image formation might be carried out to the location which the 
absolute value separated from the intersection 13 about 5000mm or more to the optical-system L2 side in 
the direction of an optical axis on the criteria wavelength lambda 1 and most different wavelength lambda 
2 based on drawing 1 and drawing 2 . It sets to the telecentric optical system shown in drawing 1 . The 
distance (distance by swing and tilt) d5 of the direction of an optical axis from the intersection 13 to the 
image point 1 1 of the chief ray 3 on the image surface 10 H-lOmm, If +5nim and the image quantity Y12 are 
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set to -5mm and the chromatic aberration of magnification is set to deltay (refer to drawing 2 ) for -10mm 
and the image quantity Yl 1, the distance (distance by swing and tilt) d6 of the direction of an optical axis 
firom the intersection 13 to the image point 12 of the chief ray 2 on the image surface 10 Permissible 
chromatic-aberration-of-magnification deltay in the image point 1 1 is about +10micro or less, and 
permissible chromaticraberration-of-magnification deltay in the image point 12 is [ about ]. -It is lOmicro 
or less. 

[0010] As shown in drawing 2 , the pupil surface 20 of a and an exit pupil, and the intersection of an 
optical axis for the intersection of the image surface 8 of a chief ray 3 and imagination Moreover, b, If the 
intersection of production 3 A of a chief ray 3, the production of the chief ray 3 which passes the image 
point of the chief ray 6 on c and the image surface 10 along d and the image point 1 1 for the intersection of 
a pupil surface 20, and a line perpendicular to the optical axis which passes along the image point d is set 
to e The triangle abc which makes Points a, b, and c top-most vertices is similarity mostly with the triangle 
ade which makes Points a, d, and e top-most vertices. So, the relation of the following [ between the 
distance d7 fi-om the intersection 13 to the pupil surface 20 of an exit pupil, the distance d5 by swing and 
tilt, the image quantity Yl 1, and chromatic-aberration-of-magnification deltay ] is materialized in 
approximation (refer to drawing 2 ). 

d7: d5=Yl 1 :deltay - (1) type of (1) type ** deltay=d5xYl l/d7 - (2) A formula is obtained. 

[001 1] Since it is about +10micro or less, permissible chromatic-aberration-of-magnification deltay is the 

above-mentioned (2) formula. deltay=d5xYl l/d7 <=10micro ~ (3) A formula is obtained. (3) If lOmicro, 

10mm, and 5mm are substituted for delta y, d5, and Yl 1 of a formula, respectively, d7 >=5000mm will be 

obtained. 

[0012] Thus, since according to the above-mentioned example the exit pupil consists of criteria wavelength 
lambda 1 and most different wavelength lambda 2 so that image formation may be carried out to the 
location separated fi-om the intersection 13 about 5000mm to the optical-system L2 side in the direction of 
an optical axis, chromatic-aberration-of-magnification deltay in the image point 1 1 is set to about + lOmicro 
or less, and chromatic-aberration-of-magnification deltay in the image point 12 is [ about ]. -It is set to 
lOmicro or less. Therefore, even when both the body side 9 and the image surface 10 have the 
swing-and-tilt include angles thetal and theta2, the small telecentric optical system of 
chromatic-aberration-of-magnification deltay is acquired. 

[0013] In addition, in the above-mentioned example, an exit pupil is in an optical-system L2 side from an 
intersection 13, and it is [ about ] about the distance d7 from the intersection 13 to the pupil surface 20 of 
an exit pupil. -Although it is made 5000mm, this invention is not limited to this. For example, an exit pupil 
should be made just to carry out image formation on wavelength lambda 2 in the location left about 
5000mm to the opposite side to optical system L2 in the direction of an optical axis from an intersection 
13. Namely, what is necessary is just to set distance d7 to about +5000mm. 

[0014] After all, according to the telecentric optical system concerning this invention, an exit pupil should 
just consist of criteria wavelength lambda 1 and most different wavelength lambda 2 so that image 
formation may be carried out to the location which the absolute value separated from the intersection 13 
about 5000mm or more in the direction of an optical axis, moreover ~ the above-mentioned example ~ a 
both-sides tele cent ~ the single-sided tele cent to which this invention has either an entrance pupil and an 
exit pupil in infinite distance mostly on criteria wavelength although rucksack optical system was 
explained ~ it is applicable also to rucksack optical system. 
[0015] 

[Example] The example of this invention is explained using drawing 4 , This is the focal location metering 
device of a semi-conductor aligner. The light from the illxmiination system which is not illustrated carries 
out image formation of the image of a reticle 21 through the contraction projection lens 23 to a wafer 22. 
Incidence of the light is carried out from across to a wafer, and the focal location of this wafer is detected 
from a location gap of the reflected image of Ught. Here, a slit 27, a wafer 22, and the image surface 32 are 
filling the relation of swing and tilt, and can measure the field location of a wafer. The light from a fiber 24 
illuminates the sHt 27 by which patterning was carried out to the front face of prism 26 by the illumination 
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system 25. Said prism 26 can reduce the swing-and-tilt include angle on a slit 27, The Ught which came out 
of the slit 27 passes along lens systems 28 and 29, and image formation of it is carried out and it is 
reflected in up to a wafer 22. The reflected light passes along lens systems 30 and 31, and they carry out 
image formation to up to the light-receiving side 32. A swing-and-tilt include angle is reduced with prism 
33, and image formation is carried out on CCD35 through a lens system 34. This CCD35 detects a location 
gap of the image of a slit 27. Lens systems 28 and 29, and 30 and 3 1 are criteria wavelength and most 
different wavelength among the operating wavelength in which an entrance pupil and an exit pupil contain 
criteria wavelength, and they are tiie image surface and the both-sides telecentric optical system in the 
location which the absolute value separated from the intersection of an optical axis 5000mm or more in the 
direction of an optical axis. 

[0016] Here, when the chromatic aberration of magnification is in lens systems 28, 29, 30, and 31 using the 
light source of a broadband and the resist thickness on a wafer 22 changes, wavelength is chosen by 
muhiplex interference and the Mitsushige alignment of a beam moves. For this reason, in this focal 
location detection equipment which detects the strike slip of a beam, it becomes a detection error. 
[0017] Next, the 2nd example is explained using drawing 5 . This is focal location detection equipment 
which used the principle of a photo electric microscope. The light transmission slit 27 and the 
light-receiving slit 32 have almost equal width of face, change it to CCD35, and serve as the sensors 40, 
such as a photodiode. Moreover, the oscillating mirror 41 is newly added, and a beam is vibrated on the 
light-receiving slit 32, and also it is fundamentally [ as said 1st example ] the same. 
[0018] It is the both-sides telecentric optical system as for which lens systems 28 and 29, and 30 and 31 are 
criteria wavelength and most different wavelength among the operating wavelength in which an entrance 
pupil and an exit pupil contain criteria wavelength and which is in the location which the absolute value 
separated from the intersection of the image surface and an optical axis 5000mm or more in the direction of 
an optical axis also in this case. It is the same as that of the 1st example to become a detection error if the 
chromatic aberration of magnification is large. 
[0019] 

[Effect of the Invention] As explained above, even when both a body side and the image surface have a 
swing-and-tilt include angle according to this invention, the chromatic aberration of magnification can be 
made small. 



[Translation done.] 



1/12/05 8:35 PM 



